Purpose: To assessment of the aspartate aminotransferase (AST), creatine kinase (CK) and creatine kinase isoenzyme fraction MB (CK-MB) serum activity in female dogs anesthetized with ketamine S (+), atropine and xylazine in several associations. Methods: Twenty three healthy female dogs randomly distributed in four groups named as GI (n=6), GII (n=6), GIII (n=6) and GIV (n=5) were treated respectively with atropine and ketamine S(+) (0.04mg/kg; 10 mg/kg); ketamine S(+) (10 mg/kg); atropine, xylazine and ketamine S(+) (0.04mg/kg; 1.1 mg/kg; 10 mg/kg) and xylazine and ketamine S(+) (1.1 mg/kg; 10 mg/kg). AST, CK and CK-MB serum activity measurement before pre-medication (M0) and one, two, three, six, 12, 24, 36 hours after. Results: There was no significant change in AST, CK e CK-MB serum activity among groups. However, CK serum activity in relation to moments within the groups was increased in all groups over the time in spite of treatment, except GI.In relation to CK-MB activity, in the moments within the group, it was observed an increase compared to baseline in all groups. Conclusion: Creatine kinase and creatine kinase fraction MB isoenzyme showed changes in their mean values remained higher than baseline for a longer time in GIII and GIV. Key words: Isoenzymes. Atropine. Xylazine. Heart. Ischemia. Anesthetics, Dissociative. Dogs.
Introduction
The cardiovascular system is constantly exposed to the risk of injuries caused by drugs, such as myocardium lesions secondary to transitory ischemia. 1 Anesthetic drugs such as ketamine, the main type of dissociative group, are considered to be potentiallyharmful to the cardiovascular system. myocardium. However, a high in vitro concentration of ketamine resulted in a decrease in the contractility of canine myocardium culture cells. 4, 5 Due to these important side effects, ketamine has been used in combination with tranquilizers or sedatives, such as xylazine. 6 The xylazine-ketamine association is one of the most widely used anesthetic techniques in veterinary practice. 7, 8 Although, xylazine counter-balances the undesirable effects of ketamine, its use can cause cardiovascular abnormalities arising from a decrease in sympathetic tonus. 9, 10 A microscopic study of the heart of rabbits anesthetized with xylazine-ketamine showed cellular degeneration and fibrosis, which are commonly observed after tissue hipoperfusion resulting from the coronary constriction that occurs immediately after xylazine administration. 11 Moreover, Xu et al. 12 described depression and hemodynamic instability in rats which underwent anesthesia with xylazine-ketamine.
In order to reduce the undesired effects of xylazine, the addition of atropine sulphate in the xylazine-ketamine protocol has been widely reported. 13, 14 However, atropine associated with xylazine-ketamine can increase the heart rate with a consequent rise in cardiac work and oxygen consumption and a reduction in ventricular ejection fraction and coronary perfusion. 13, 15 LindeSipman et al. 16 reported myocardium degeneration and necrosis secondary to ischemia in cats which died after administration of ketamine in different associations with atropine and xylazine.
In order to detect myocardium injuries, noninvasive assessment of specific cardiac markers has been used clinically and experimentally in the last few years. 17 The biochemical markers aspartate aminotransferase (AST), creatine kinase (CK) and creatine kinase isoenzyme fraction MB (CK-MB) have been used for the detection of heart damage. 18 Although AST is a non-specific heart lesion, increase in its serum activity is detected when there is severe myocardium damage. 19 Moreover, AST serum measurement is frequently associated with CK dosage, a more specific marker to complement changes observed in CK serum activity. 20 CK is a dimeric enzyme consisting of two subunits, M (muscle type) and B (brain type), resulting in three different isoenzymes: MM, BB and MB. 18 The activity of CK isoenzyme MB (CK-MB), a CK isoenzyme specific to myocardium, increases a few hours after cell damage, reaches maximum levels in 12 hours and goes back to baseline within 24 to 48 hours. 21 In the last few years, clinical application of CK-MB assessment in dogs has been reported, mainly related to previous cardiac diseases and trauma. 22, 23 However, this response is different in comparison to others species, since dogs have developed a collateral myocardium irrigation system. This parallel circulation system acts in response to coronary inflow decrease and leads to underestimationof the alteration of cardiac rhythm and serum enzyme activity, especially related to CK. 24 Even so, Mehta et al. 25 reported that in the myocardium cells of dogs, short-duration anoxia induced a decrease in M-mRNA and an increase in the concentration of B-mRNA, resulting in a 35-100% elevation of CK-MB activity depending on duration of the ischemia.Experimental induction of myocardial ischemia in dogs has shown that partial or total occlusion of coronary branches significantly raises CK-MB serum activity. 26 Despite myocardium collateral circulation, several studies have reported cardiac alterations in dogs secondary to administration of anesthetic drugs. 27, 28 Thus, it is reasonable to consider the existence of biochemical alterations resulting from the usage of ketamine S(+) and its associations. Moreover, experimental assays of cardiovascular effects and evaluation of enzymatic activity involving ketamine S (+) and its combinations in dogs are uncommon. For these reasons shown, the purpose of the present study was to assess the serum activity of biochemical markers AST, CK and CK-MB in dogs anesthetized with ketamine (S+), atropine and xylazine in several associations.
Methods
The experimental protocol was approved by the in Animal Research Ethics Committee of the Federal University of Goias (nº 092/2006) and conducted in accordance with Brazilian College of Animal Experimentation norms.
Twenty-three mixed-breed, adult, female dogs, with a mean weight of 8.84±2.18 kg were randomly distributed in four groups: GI (n=6), GII (n=6), GIII (n=6) and GIV (n=5). The animals were considered healthy on the basis of a physical examination, cell blood count, biochemistry profile (creatinine, blood urea nitrogen, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, creatine kinase, potassium, total protein and albumin), and ultrasonographic and electrocardiographic examinations. During the course of the study, they were fed a standard commercial diet, twice a day.
Prior to the experimental period, food was withheld for 10 and water for 2 hours. The left cephalic vein was punctured with a 22-ga catheter for drugs administration according to the protocol. All dogs received intravenous route (IV) physiologic saline solution until recovery from anesthesia. After anesthetic induction, the animals were positioned and kept in right lateral recumbency.
Group I dogs were given 0.04 mg/kg of atropine sulphate by the subcutaneous route (SC). Fifteen minutes after, the animals were anesthetized by the IV route with 10 mg/kg of ketamine S(+). GII animals received physiologic saline solution in equivalent volume of 0.04 mg/kg of atropine sulphate for each animal. After 15 minutes, animals were anesthetized with 1.1 mg/kg of xylazine followed by 10 mg/kg of ketamine S(+), both by the IV route. In GIII dogs, 0.04 mg/kg of atropine sulphate was given 15 minutes before 1.1 mg/kg of xylazine followed by 10 mg/kg of ketamine S(+),IV route. In GIV animals were given physiologic saline solution, by the SC route, and fifteen minutes later, 1.1 mg/kg of xylazine followed by 10 mg/kg of ketamine S(+),IV route. All groups were given 5.0 mg/kg of ketamine S(+), IV route, 10 minutes after the first administration. Animals were observed until they had complete recoveredfrom anesthesia.
Blood samples were collected from the jugular vein for AST, CK and CK-MB serum activity assessment before the administration of atropine sulphate or saline solution (M0) and one (M1h), two (M2h), three (M3h), six (M6h), twelve (M12h), twenty-four (M24h) and thirty-six (M36h) hours after M0. The baseline value for M0 wasthe average of the results of samples collected 48 hours, 24 hours and immediately before administration of atropine sulphate or saline solution.
Serum activity of enzymes was measured (UI/L) with a biochemical analyzer calibrated for a wave length of 340nm at 37 o C using commercial reagents. AST activity was determined by the fixed-time method. CK serum activity was measured by the kinetic method and CK-MB activity was assessed by the CK-M immunoinhibition method followed by serum activity measurement of CK-B by the kinetic method. The result obtained for CK-MB was divided by five as recommended for the method used.
Comparison among groups and among moments versus baseline in each group was performed with Kruskal-Wallis test. All values were expressed as mean ± standard deviation. Differences were considered significant at p<0.05.
The columns represent the mean and vertical bars indicate the standard deviation. group GI (n=6): anesthesia with atropine and ketamine S(+), (0.04mg/kg; 10 mg/kg); group GII (n=6): anesthesia with ketamine S(+) (10 mg/kg); group GIII (n=6): anesthesia with atropine, xylazine and ketamine S(+) (0.04mg/kg; 1.1mg/kg; 10 mg/kg); group GIV (n=5) : anesthesia with xylazine and ketamine S(+) (1.1 mg/kg; 10 mg/kg). *P <0.05 comparated with baseline (M0). 
Results
There was no significant change in AST serum activity among groups atany moment. In relation to moments within the groups, a significant decrease in AST activity at M24h was observed in comparison to baseline in GI ( Figure 1 and Table 1) . †The values appear as means ± standard deviation. The index letters represent statistically significant differences between groups (p<0.05). *Statistical differences from baseline (p<0.05).
FIGURE 2 -Serum activity of creatine kinase (CK) in animalssubmitted to ketamine S(+), atropin and xylazine association during 36 hours
The columns represent the mean and vertical bars indicate the standard deviation. group GI (n=6): anesthesia with atropine and ketamine S(+), (0.04mg/kg; 10 mg/kg); group GII (n=6): anesthesia with ketamine S(+) (10 mg/kg); group GIII (n=6): anesthesia with atropine, xylazine and ketamine S(+) (0.04mg/kg; 1.1mg/kg; 10 mg/kg); group GIV (n=5) : anesthesia with xylazine and ketamine S(+) (1.1 mg/kg; 10 mg/kg). *P <0.05 comparated with baseline (M0).
TABLE 2 -
Creatine kinase (CK) serum activity in animalssubmitted to ketamine S(+), atropin and xylazine association † †The values appear as means ± standard deviation. The index letters represent statistically significant differences between groups (p<0.05). *Statistical differences from baseline (p<0.05). There were no significant differences in CK-MB serum activity among the groups over time. Mean values showed high variability. At moments within the groups, an increase compared to baseline was observed in all groups treated with atropine CK activity showed a significant difference between GI and GII at M36h. The mean values in all groups increased over time in spite of treatment, except for GI, which showed a decrease from M12h and a mean that was lower at M36h than at baseline.
G
An increase at all moments was observed in relation to baseline value. This increase was more relevant in GII and GIII from M1h on, except at M24h in GIII ( Figure 2 and Table 2 ).
sulphate. In GI, there was a significant difference from M3h until M12h. In GIII, the difference was the increase of serum activity from M1h until M6h (Figure 3 and Table 3 ). The columns represent the mean and vertical bars indicate the standard deviation. group GI (n=6): anesthesia with atropine and ketamine S(+), (0.04mg/kg; 10 mg/kg); group GII (n=6): anesthesia with ketamine S(+) (10 mg/kg); group GIII (n=6): anesthesia with atropine, xylazine and ketamine S(+) (0.04mg/kg; 1.1mg/kg; 10 mg/kg); group GIV (n=5) : anesthesia with xylazine and ketamine S(+) (1.1 mg/kg; 10 mg/kg). *P <0.05 comparated with baseline (M0).
TABLE 3 -
Creatine kinase-MB (CK-MB) serum activity in animalssubmitted to ketamine S(+), atropin and xylazine association † †The values appear as means ± standard deviation. The index letters represent statistically significant differences between groups (p<0.05). *Statistical differences from baseline (p<0.05).
Discussion
The anesthetic protocols for ketamine S(+) proposed for this study were based on associations, doses and routes commonly used in the veterinary routine and widely described in the racemic ketamine literature. However, there have been few reports concerning biochemical marker assessment as a diagnostic tool for cardiac lesions associated with anesthetic drugs, as corroborated by Lopes et al. 21 and Diniz et al. 23 . Moreover, these authors reported that use of biochemical markers has been restricted to experimental assays, mainly in dogs. Thus, the clinical application of specific markers for muscle damage can provide more information about the site and extension of tissue injury, according to Aktas et al. 18 In this study, the increase in CK and CK-MB serum activity after drugs application imply that anesthetic protocols induced alterations in skeletal and cardiac muscle. However, such alterations were considered transient, since the mean values of enzymatic activity showed a decrease over the moments of evaluation. Furthermore, no changes in AST were found that could indicate more lasting and severe lesions, as Kramer and Hoffmann 20 and Tadich et al. 29 have also observed. There were no statistical differences in CK serum activity among the treatments in any of the groups. However, compared to the reference value of this study, the mean values increased. These increases probably increases occurred as consequence of of a rise in MB-fraction related to muscular alterations due to the administration of ketamine S(+)associated with atropine in GI and GIII or xylazine effects in other groups. It is thus probably that the drugs caused muscle alterations explained by two hypotheses: an increase in cell metabolism secondary to the shrinking excess muscle and a decrease in oxygen supply to muscle. The first hypothesis could be linked to ketamine S(+) action possibly associated with atropine. Ketamine can increase muscle work unleashing abrupt shrinking with higher hypertonicity. This is probably related to drug induced activation of cholinergic receptors. Thus, muscle alterations could explain the change in CK serum activity in these groups as described by Hjelms et al. 30 and Aktas et al. 18 Second hypothesis would be supported by the action of xylazine on tissue oxygen supply once Kolata and Rawlings 6 and Marini et al. 11 have described that xylazine even if combined with ketamine would induce transitory hypercapnia and tissue hypoxia. Thus, such events could be sufficient to promote alterations in CK serum activity as observed here.
The mean values of CK-MB serum activity obtained in this study increased more than baseline in all groups over the moments, although restricted use of this marker in dogs has been reported by Diniz et al. 23 . This is based on the rare occurrence of cardiac ischemic in dogs that would induce an increase in CK-MB serum activity. 22 Another detail is related to the percentage of CK-MB isoenzyme distribution in dogs serum in baseline found in this study (35.17% of total CK activity). This differs from results reported by Graeber et al. 31 and Yasuda and Too 32 who obtained 18.2% and 16.1%, respectively. However, our results were similar to those described by Lopes et al. 21 , who used the same CK-MB assessment protocol as we did.
Besides the changes in CK-MB serum activity, significant treatment effects were noted in all groups over time. However, an increase of mean values starting at M1h was observed in all groups, irrespective of the treatment. This result could indicate that anesthetic procedures were able to induce cardiomyocytes alterations. These findings were considered transitory in relation to total CK, due to the fact that the mean values predisposed to normality over the time of evaluation. Although, the oxygen consumption and supply were not calculated, ketamine and xylazine could cause a decrease in the myocardium oxygen supply, which would be enough to induce increase in CK-MB serum activity in dogs according to Metha et al. 25 . This may be explained by the decrease in myocardium oxygen supply, whichinduces a fast decrease in M-subunit mRNA synthesis and an increase in the expression of B-subunit mRNA. 25 Otherwise, whatever the protocol, the drugs could have promoted an increase in heart work and consequently an increase in myocardium oxygen consumption as reported by Linde-Sipman et al. 16 . Thus, this event could result in an increase in CK-MB serum activity as observed in the GI and GII dogs. However, according to the same authors, to establish ischemia there must be respiratory and hemodynamic abnormalities during the anesthetic procedure and this would compromise oxygen supply to cardiac muscle and would increase subsequent CK-MB serum activity. Unfortunately, the testsmentioned above were beyond the scope of this study.
Changes in CK-MB serum activity observed in the group treated with atropine, xylazine and ketamine S(+) were higher than baseline values for six hours after M0. This behavior could be related to the harmful effect of a combination of anesthetic on the myocardium as reported by Linde-Sipman et al. 16 and Marini et al.
11
. Parsons et al. 15 reported that an increase in stroke volume and cardiac output are essential for an increase in heart rate associated with afterload rising. Thus, as discussed above the limited number of variables considered in this study did not allow us to determine or observe such occurrences.
Conclusion
Creatine kinase and creatine kinase fraction MB isoenzyme showed changes in their mean values in spite of treatment. These values remained higher than baseline for a longer time in animals treated with atropine-xylazine-ketamine S(+) or xylazine-ketamine S(+).
